This article deals with flood events in Mediterranean ephemeral streams typical of the Valencia Ž region. The combination of the basin physical characteristics steep slopes, sparse vegetation, thin . soils and permeable rock and intense, heavy and irregularly distributed rain, generates flash floods. Runoff generation is sudden, giving rise to flash floods with sharp, narrow hydrographs with short time lags. The high amount of runoff is, nevertheless, only a small fraction of the total rainfall, since the characteristics of the river basins are such that infiltration of large amounts of water occurs. Using daily hydrological data from the Rambla de la Viuda basin and 5-min data from both the Barranc del Carraixet and the Rambla de Poyo basins, the rainfall-runoff processes have been analysed during flood events in these ephemeral streams. q
Introduction
The Mediterranean region is a bioclimatic, morphogenetic and hydrologic transition between the temperate, humid northern latitudes and the dry latitudes to the south. Ž Despite the diversity of environments included in the term AMediterraneanB Mateu, . 1988 , it still denotes a particular combination of complex climatic, structural and geomorphological factors.
In this geographic context, ephemeral streams are common fluvial systems. Rainfall and runoff processes in such streams have been studied in arid, semiarid and Mediter-Ž ranean zones Osborn and Lane, 1969; Karst, 1960; Rodier, 1981; De Vera, 1984; Schick, 1988; Sorriso-Valvo et al., 1995; Reid and Frostick, 1997; Martınez-Mena et al., . 1998; Meirovich et al., 1998; Shentsis et al., 1999; Lange et al., 1999; etc. . In the region of Valencia, rambla or barranc refers to ephemeral gravel-bed streams, Ž hydrologically dependent on rainfall. Geomorphologically, these basins are small several . hundred square kilometres , with steep slopes, wide valleys and a braided channel morphology. These systems, which are usually dry for most of the year, become particularly active during flood events.
In Spain, despite the importance of these floods, the hydrological analysis of ephemeral streams has been difficult. On the one hand, perennial basins have been studied far more due to their greater economic importance. On the other hand, the lack of discharge and precipitation gauges and the frequency of data collection, usually daily, mask the hydrological processes that can occur in a matter of hours. However, since 1988, a new hydrological network, the Automatic Hydrological Information Systems Ž . SAIH network, has been in operation, providing detailed information in real time. This network has been developed by the Hydraulic Divisions, and measures rainfall and river discharge every 5 min.
This paper analyses the hydrological processes of flood events in three Mediterranean ephemeral streams, taking into account the peculiarities of the rainfall and morphology Ž . patterns of the study area. Daily and other detailed information every 5 min has been used to study rainfall-runoff relationships, spatial and temporal rainfall variability and flash flood characteristics.
Description of the study area and hydrological data
Ž . In the study area Fig. 1 , three drainage basins, Rambla de la Viuda, Rambla de Poyo and Barranc del Carraixet, have been selected as representative cases for study. Ž . They are located in the eastern sector of the Iberian mountain chain NNW-SSE . The relief results from folding and fracturing during the Alpine Orogeny, and forms stepped horst and grabens running parallel to the coast. The areas of these drainage basins range 2 Ž . 2 Ž .
2 from 1289 km Rambla de la Viuda to 187 km Rambla de Poyo and 128 km Ž . Barranc del Carraixet . Due to the proximity of the crests of the hills to the sea, the slopes are steep.
The dominant rock type in the headwaters is basically limestone in the Rambla de la Viuda, limestone and marls in the Rambla de Poyo, and limestone and sandstone in the Barranc del Carraixet. The limestone substrate, with a high degree of fracturing, fissuring and karstification, favours infiltration and percolation through karstic perched aquifers, unconnected to channels. The lower parts of the basins are located on the coastal plains and are formed by tertiary and quaternary alluvial deposits. Alluvial fans and glacis have been developed in the transition between headwaters and the coastal areas. Camarasa Belmonte, F. Segura Beltranr Catena 45 2001 229-249 231 Fig. 1 . Study area: 1 limit of the drainage basins; 2 fluvial streams; 3 daily rain gauges; 4 daily Ž . Ž . discharge gauges; 5 5-min rain gauges-SAIH network; 6 5-min discharge gauges-SAIH network.
The channels at the headwaters are deep and narrow, and encourage the processes of flood wave translation. In the lower basins, on the other hand, the width of transverse sections may be 100 times the depth. In this sector, gravel-bed channels flatten the hydrographs by rapid changes in channel geometry and high transmission losses Ž . Segura, 1990 .
The area has a typical Mediterranean climate with average annual rainfall ranging between 500 and 650 mm. Rains are most frequent and intense in the autumn, generally Ž . produced by the following synoptic conditions: 1 the entry into the Mediterranean of ( )polar air masses in the upper layers of the atmosphere due to a trough in the polar jet Ž . stream, 2 high atmospheric instability associated with strong thermal and humidity Ž . gradients, and 3 low pressure at ground level over the Magreb that generates humid east winds moving towards the Valencian coast. A secondary maximum is produced in Ž . Ž the spring frontal system , while the minimum is found in the summer convective . storms . The annual potential evapotranspiration oscillates between 750 and 800 mm, Ž . although the real evapotranspiration is estimated at 450-550 mm Sala Rossello, 1994 .
The hydrological analysis was based on both daily and 5-min data. The daily data for the Rambla de la Viuda, between 1959 and 1984 , is the longest data series in this area.
Ž . Nine rain gauges of the National Institute of Meteorology INM and one stream Ž . discharge gauge Jucar Hydraulic Division were used to study the rainfall-runoff relationships. At the same time, because daily data are not sufficiently accurate for characterising the hydrographs, 5-min data provided by the SAIH network have also been used. A total of 21 rain gauges and two stream discharge in the Rambla de Poyo Ž . and the Baranc del Carraixet have been used to study two specific flood events Fig. 1 . The lack of events and problems with data acquisition prevented us from studying more floods.
Daily data: flood balances
Ephemeral streams are dominated by extreme events of low frequency but high magnitude. The absence of base flow means that to discuss the hydrology of ephemeral streams is to discuss floods. Therefore, any analysis of flood balances of isolated events contributes to a better understanding of the processes involved in the genesis of runoff. Traditionally, such studies have been based on daily data. Although the precision of such data is insufficient for a detailed analysis of the development of the flood, they are very useful for studying the rainfall-runoff relation. In the following section, we discuss the results obtained with this type of data in the Rambla de la Viuda.
Rainfall and runoff
Between 1959 and 1984, in the Rambla de la Viuda, an average of about three events Ž . per year have been recorded. On average, there are 31 days per year 8% of the days for Ž which some runoff is registered, and the average length of an event is 8.2 days Segura, .
.
A review of the seasonal characteristics of the floods shows that the majority of the events occur during the transitional seasons, with 38% in autumn and 28% in spring. In Ž . winter, only 19% of the events occurred, and in summer, some 15% Segura, 1990 occurred. This seasonality, which is clearly dependent on the climate, is common in Ž other very different areas of the Mediterranean, such as the Negev Desert Greenbaum et . al., 1998 .
The volume of rain falling over the basin during each of these events was also very Ž . high. The analysis of rain gauge series from 35 floods 1959-1984 in the Rambla de la Ž 2 .
3
Viuda 1289 km showed that the rainfall volume was over 300 = 10 m in 11.5% of ( )Ž .
6 the events. The majority of events 77% showed values of between 100 = 10 and 300 = 10 6 m 3 , and only 11.5% of the events had less than 100 = 10 6 m 3 . With respect to the discharge volume, in 66% of the events it was less than 10 = 10 6 m 3 . In only 3% of the events did it pass 60 = 10 6 m 3 , while the other 31% of events had outputs between 10 = 10 6 and 60 = 10 6 m 3 . Also, a good correlation exists between the rainfall Ž . and runoff in the Rambla de la Viuda Segura and Camarasa, 1996 . 
Hydrological losses
Despite the large amounts of discharge during floods, our data show that they corresponded to only a small part of the total rainfall. For example, in October 1962 when one of the biggest floods in this rambla occurred, the rainfall totalled 519.43 = 10 6 3 6 3 Ž . m , while the discharge was only 85.98 = 10 m Table 1 .
These losses must be due to infiltration, evapotranspiration or transmission losses, but not necessarily with equal importance. Indeed, in Mediterranean ephemeral streams, water remains in the channel for too short a time for evaporation to be an important Ž . factor Graf, 1988 . It must therefore be infiltration and transmission losses that reduce Ž . or smooth the flood peak and the total discharge Burkham, 1970 . Transmission losses are important, especially downstream, where losses increase in proportion to the increase Ž in channel width and the texture of the sediments Jordan, 1977; Wallace and Lane, . 1978; Thornes, 1976 , as has been shown by the disappearance of runoff in the channels Ž . during these events. Keppel and Renard 1962 showed for streams in Arizona the importance of the peak and the previous humidity when estimating transmission losses. For a 6.4-km stretch, these authors found that 35% of the runoff disappeared, while Ž . Hughes and Sami 1992 , in a semiarid basin in South Africa found values that varied between 75% and 22% of the runoff. These studies corroborate the visual observations made for Valencian ephemeral streams, where the discharge is frequently seen to Ž . diminish along the length of the channel Segura, 1990 .
Water balances are usually calculated on the basis of annual totals, but this is not a very revealing procedure for ephemeral streams since flows are limited to floods, which Ž can account for over 80% of the annual total in a single event Segura and Camarasa, . 1996 . For this reason, it is advisable to establish balances that refer just to the periods of individual flood events. However, since it is difficult to directly measure the different loss processes, indirect techniques-runoff deficits, runoff coefficients and runoff thresholds-have to be used. 
Runoff deficits
Deficits, or differences between precipitation and discharge, are very significant in these ephemeral systems. All the events analysed in the Rambla de la Viuda had deficits over 50 = 10 6 m 3 , and in 86% of the cases, passed 100 = 10 6 m 3 . In addition, Fig. 2 shows how the deficits increased with rainfall, demonstrating the potential infiltration capacity of calcareous basins and the high rainfall amounts needed to reach saturation.
Runoff coefficients
Ž . Another way of measuring flow losses is by estimating runoff coefficients Table 1 . In the Rambla de la Viuda, these were very variable, ranging between 0.7% and 16.66%. Of the 35 events studied, 23 had runoff coefficients of less than 5%, and values of over 10% were only obtained for four events, with a maximum of 17%. These figures give an idea of the large quantities of water that can infiltrate in these basins. More specific estimates calculated for flash floods of the Barranc del Carraixet and the Rambla de Ž . Poyo confirm the proportions between 5% and 9% Segura and Camarasa, 1996 . These results are also consistent with those obtained by other authors in semiarid areas.
Ž . Peugeot et al. 1997 karstification processes whose rainfall varied between the headwaters and the river mouth from 50 to 500 mm. In Valencian ramblas, the high variability of the coefficients within a single basin, in some cases, was related to the rainfall intensity and the moisture conditions before the event. For example, in the Rambla de Poyo during the 17 April 1991 event, the runoff coefficient was 12%, higher than the 8% average, as a consequence of the smaller flood Ž . event 2 days earlier Camarasa, 1995 .
Runoff thresholds
Runoff thresholds provide a third indirect measure of water losses in the generation Ž . of discharge. This quantifies a rainfall limit P below which runoff does not occur, 0 that is, it indicates the amount of precipitation needed to generate surface flows in each event.
Ž . According to the method of Osborn and Lane 1969 , the threshold value of the Ž . Rambla de la Viuda was 65 mm Segura, 1990 . However, in the River Monnegre Ž . Alicante in the south of the Valencia region, with a predominantly impermeable Ž . lithology, Segura et al. 1989 obtained thresholds between 35 and 40 mm.
The contrast between the thresholds in lithologically distinct environments demonstrates the importance of the substrate in the infiltration process. Karstic limestones permit a high infiltration rate, while finer textures-silt, clay and calcretes-favour surface runoff, thus explaining the lower thresholds in the southern parts of Valencia region.
The runoff thresholds vary significantly for different events in the same basin, with a Ž .Ž marked seasonal character: maxima in autumn and minima in summer Table 2 Segura . and Camarasa, 1996 . Although the average value for basins in the north of the Valencia region varied according to the calculation method used, 2 the thresholds needed to Ž . Ž . generate runoff were higher in autumn 75-89 mm and winter 50-86 mm than in Ž . Ž . spring 42-81 mm and summer 27-62 mm . These apparently contradictory data may be related to the type of rain and the behaviour of the soil. In summer, intense . accumulated from the beginning of the event; P s runoff threshold . 0 ( )convective showers may alter the soil structure to quickly exceed the infiltration capacity and so generate Hortonian flows, while in autumn-winter, the rains are less intense but more persistent, and the system responds more gradually. In addition, Ž . hydrophobic soil behaviour is sometimes observed Cerda, 1995 .
Five-minute data: spatial and temporal variability of flood processes
The importance of the effect of spatial and temporal variability of rainfall on runoff Ž has been described by many authors at many scales Osborn and Lane, 1969; Woolhiser . and Goodrich, 1988; Nouh, 1990; Faures et al., 1995; Goodrich et al., 1995 . For smalĺ Ž . basins, it has a significant influence over peak discharge and total runoff Osborn, 1984 , which explains the difficulties experienced in trying to design models that accurately Ž . simulate the peak flows Nouh, 1990 . Over large basins, rainfall can be extremely Ž patchy, affecting only a fraction of the drainage basin Renard and Keppel, 1966; Reid . et al., 1998 . Within the area affected by the rain, the variations are related to the Ž . mobility of the convective cells Yair and Lavee, 1985; Sharon, 1981 . Furthermore, multiple-peak floods can result from multiple rainfall cells moving over the basin, or as Ž a result of the unsynchronised contributions of tributaries to the main channel Reid et . al., 1998 . Daily data are clearly insufficient to study the spatial and temporal variability of the Ž hydrological processes in these ephemeral streams Pilgrim et al., 1988; Greenbaum et . al., 1998 . For this reason, 5-min data provided by the SAIH network have been used for the detailed analysis of the Carraixet and Poyo basins.
Rainfall intensity: temporal Õariability
In the basins studied, at a detailed scale within each event, there is enormous temporal and spatial rainfall variability. Powerful convective cells can yield large volumes of water for a few minutes at intensities of more than 100 mmrh over limited areas, while only a few kilometres away, it may rain only at low intensity or not at all Ž . Camarasa, 1994 . Ž The internal structure of storms varies according to the temporal scale Waymire and . Gupta, 1981; Valdes et al., 1985 . As the observation interval is reduced, intensitý becomes more significant and emphasises the concentrated character of the precipitation.
Ž . Ž . Fig. 3 compares the same hyetographs calculated a every 5 min and b every hour. In the first the maximum, intensity is over 100 mmrh, while in the second, it hardly reaches 45 mmrh.
In the SAIH network of the Jucar Hydraulic Division, it is usual to obtain 5-min maximum intensities over 120 mmrh at some station at least once per year. For the bigger events, it is usual to find hyetographs with maximum intensity intervals of over 100 mmrh, although the average intensities are only 3 or 4 mmrh, giving variation coefficients over 300%. Table 3 is 
Ž
. parameters of the rainfall intensities standard deviation and variation coefficient confirm that they were concentrated. The greatest contrasts appeared at 0O01, with a Ž . Ž total of 125 mm and a difference between maximum 103.2 mmrh and average 8.28
. mmrh intensities of 94.9 mmrh. The standard deviation was 19.5. Looking at the coefficient of variation, only one hyetograph had a value of less than 100%. The rest were well above this figure, reaching 361% at 0O04. 
Rainfall intensity: spatial Õariability
The spatial structure of rainfall shows a natural hierarchy with convective cells, small Ž . Ž . Ž mesoscale areas SMSA , large mesoscale areas LMSA and synoptic areas Austin and . Houze, 1972; Sharon, 1972; Gupta and Waymire, 1979 . These scales may appear Ž . individually or in any combination Camarasa, 1993 . These spatial structures, and particularly the convective cells, are greatly affected by the relief. On the one hand, the relief determines the preferred routes for incoming unstable air masses. Very often, the valleys open to the Mediterranean, with an upstream Acul-de-sacB shape, are used by the easterly winds to enter into the interior of the Ž . continent. Thus, convective cells are more probably produced in these valleys Fig. 4c . On the other hand, the increase in elevation provokes a Amechanical triggerB forcing the Ž . unstable air masses upwards and favouring precipitation Fig. 4d .
These maps suggest two distinct Arain cell behaviour patternsB, one for the mountain and one for the coastal plain. The shapes of the hyetographs also reflect these two rain mechanisms. In the mountains, high volumes of precipitation fall with a continuous pattern shown as abundant Abackground noiseB, from which emerge some intense peaks. . central period which lasted 10 h 40 min, and totalled 120.5 mm 70% of the total , with a maximum intensity of 69.6 mmrh. It had two features: abundant and persistent background AnoiseB and five peaks, whose intensities ranged between 33.6 and 69.6 mmrh. Ž The hyetograph from the littoral station 0O04 shows a total of 80.6 mm in 22 h Fig.  . Ž . 6B , divided among four nuclei Table 4 . The third of these had the highest intensity Ž . 96 mmrh , and accounted for 44.2% of the total for the event in slightly over 2 h. The maximum intensities were above those in the previous example, but they lasted less, and there was hardly any low intensity AbackgroundB.
This combination of two rainfall pattern has been corroborated elsewhere by detailed Ž . analysis of three rainfall events Camarasa, 1993 Camarasa, , 1995 . As a representative example, Fig. 7 shows maximum intensities plotted against storm totals registered for various hyetographs from the event of 11-12 November 1988. The stations are grouped along two clearly defined lines. Regression line AaB corresponds to observation stations above 200 m, while AbB groups the stations at lower altitudes. The highest amounts of rain are Ž . found in the mountains Figs. 4a and 5a , but the greatest intensities on the coast.
To test whether this behaviour corresponded to two distinct populations, the U-test of Ž Mann-Whitney was applied to the quotient of the two variables cumulative precipita-. tion and maximum intensity . The behaviour for the mountain and the littoral was found ) to be statistically distinct with 95% significance. This can be explained by the differences in the type of trigger and the development of vertical instability. Relief affects the majority of the convective cells, which are forced to rise until they develop instability, whereas the cells that shed rain on the coastal plains already have sufficient instability to precipitate, without the need for an initial external mechanical trigger. This inherent instability leads to higher intensities, although the low frequency and short duration of convective cells produces lower accumulated amounts. Thus, two distinct rainfall patterns are observed for the mountain and the coast: the convective cells of greatest intensity, shortest duration and fastest movement affect the littoral, while the more persistent, intermediate intensity and slower moving cells precipitate over the mountains.
The output hydrographs
The analysis of the hydrographs of ephemeral streams is relatively simple since there is no baseflow. In all the cases studied, whether the flood lasted a few days or a few hours, the shape of the hydrograph was typical of a flash flood: very sharp, with a short time base and steeply rising limbs.
These characteristics were evident even when using daily average data. The record from the Rambla de la Viuda showed many single-peaked hydrographs, but also contains many examples of multi-peaked flood hydrographs. As an example, Fig. 8 shows the flood of the Rambla de la Viuda during 5-29 October 1969. The hydrograph reproduces the rainfall pattern, with two peaks, and with the maximum discharge-250 m 3 rs-reached in three days. The lag to peak-defined as the time difference between Ž . the centre of mass of rainfall and the peak runoff rate Dunne and Leopold, 1978 -was 1 day. In total, the discharge lasted 25 days, and the rain 8 days. With 5-min interval data, examples of single flood peaks, corresponding to the Poyo Ž . Ž . 11 and 12 November 1988 and the Carraixet 9 September 1990 , are shown. In both hydrographs, the effective rainfall was estimated by subtracting from each interval the losses calculated using the water balance according to the US Soil Conservation Service Ž . Ž . 1957 . The hydrograph of the Rambla de Poyo Fig. 9 was generated by a cold low in the polar jet stream that provoked rain lasting several hours. The average total rainfall over the Poyo basin was 75 mm, generating a runoff volume of 1.23 = 10 6 m 3 . Between Ž . Ž . 6:00 and 12:45 on the 11th Fig. 6B , 33 mm fell 40% of the total as low intensity rain Ž . Ž . Fig. 4b , with a maximum of 31 mmrh Fig. 6B , 44% of the total fell Table 4 with a maximum intensity of 96 Ž mmrh, in a short time. In fact, a part of the time the basin received no rainfall Fig. 4c . Ž . Ž . and d or the intensities were very low Fig. 4b . Towards 19:10 Fig. 4f , the rainfall intensified leading to the flood.
Ž . The hydrograph of the Poyo basin Fig. 9 has a single peak, which was apparently due to a flood wavefront, since in 15 min, the measurement rose from 0 to the maximum discharge of 193 m 3 rs. The total duration was short, just 3 h 30 min, and the surface discharge corresponded to 8% of the rainfall over the basin. The lag to peak and Ž . concentration time-defined as the time that passes between the end of the effective Ž . rainfall and the end of the hydrograph Viessman et al., 1989 -were also very short: 1 h 50 min and 2 h 20 min, respectively. The shape of the hydrograph, with a sharp rise limb, is typical of the flood curve for flashy streams, with a morphology similar to those Ž . found in arid and semiarid environments Schick and Sharon, 1974; Schick, 1988 .
Ž . The hydrograph of 9 September 1990 in the Carraixet is less flashy Fig. 10 . It too was provoked by a cold low in the polar jet stream. The greatest precipitation occurred Ž . on the 8th over the headwaters of the basin Fig. 5a , due to the orographic barrier effect of the mountains against the prevailing SE winds. These rains formed an SMSA anchored over the basin. Within this, a small powerful cell is noteworthy, with great intensity-103 mmrh-centred some 8 km upstream Ž . from the gauge Fig. 5 . The average rainfall over the basin was some 153 mm, generating a runoff volume of 1.27 = 10 6 m 3 . The rainfall was concentrated between Ž . 23:00 on the 8th and 01:50 on the 9th Fig. 3a , with a maximum intensity of 103 Ž mmrh. Around 23:05, an SMSA began to develop in the lower part of the basin Fig. . 5b , which then moved towards the north, reaching the upper part of the catchment at Ž . 23:40 Fig. 5c , with an intensity of 60 mmrh. The activity of the principal cell was Ž . continuous during approximately 2 h. The maximum was reached at 24:00 Fig. 5d . Ž . Later, the intensity dropped progressively Fig. 5e ,f before reactivating again around Ž . 10:55 with a maximum intensity of 40 mmrh Fig. 3 .
The greater permeability of this basin-only 5% of the precipitation was converted into runoff-led to a more delayed response. The hydrograph base lasted 21 h 40 min. The rising limb was still steep-the maximum discharge of 74 m 3 rs was reached in 1 h 40 min-but the recession limb was much longer, lasting 19 h 45 min, as a consequence of the delayed subsurface flow contributions coming from the transitional sedimentary forms, fans and piedmonts, which predominate in the middle basin. The lag to peak-3 h 15 min-was still short. The concentration time of the basin was 8 h 40 min.
The use of the SAIH data, with great temporal detail, clarifies the role of the intensity in the generation of flood events in small basins, although the low density of stream gauges makes it difficult to analyse questions such as the contribution of the tributaries Ž . or the flow wave celerity Reid et al., 1998 . However, the simplicity of the hydrographs analysed suggests that in both cases, the determining factor in the flood events is the great intensity of the rainfall, although the total volumes were not especially high.
Discussion and conclusions
The hydrological behaviour of ephemeral streams in study area is dominated by extreme events. The ephemeral runoff, depending almost exclusively on rainfall, is clearly related to the characteristics of the drainage basin. Fractured, fissured and karstified calcareous substrates produce important aquifers at depth. These aquifers receive contributions from transmissions losses in the channels, but they do not contribute to create baseflow in beds.
Powerful convective cells precipitate large quantities of water in concentrated bursts. The rainfall volume and intensity is greatly affected by the relief: in east-facing regions, the rainfall is more intense over the coastal plains, but the greater volumes fall over the mountains. The intensity of the rainfall has been seen to be the factor that provokes Ž . flood events in small basins Rambla de Poyo and Barranc del Carraixet . In the bigger Ž . basin Rambla de la Viuda , it was not possible to define the importance of this factor, although the big floods always occur with large rainfall volumes. Nevertheless, other factors such as the synchronisation of the tributaries, the trajectory of the storms or the transmission losses ought to be critical for the generation of big flood events, as noted Ž . by Greenbaum et al. 1998 . ( ) The large discharge losses are another feature of these flood events, since at most, 17% of the rainfall is converted to runoff. As a consequence of the rainfall pattern, flooding is typically in the form of flash floods. Depending on the characteristics of the storms and the synchronisation of the tributaries, the hydrographs can be simple or multipeak. In every case, the hydrographs are nevertheless very sharp, with high peaks and steep rises and short lag times. The response of the basins to intense rain occurs in just a few hours. The duration of the hydrographs is very variable depending on the characteristics of the rainfall and the dimensions of the basin.
Floods in Mediterranean ephemeral streams are especially rapid, violent and, therefore, dangerous. An understanding of the hydrological operation of these systems helps towards the correct planning of areas liable to flooding, as well as in the design of plans for prediction and protection that are sufficiently flexible to allow rapid and effective Ž . response. The real time detailed information networks like SAIH are of vital importance in facilitating the recognition and monitoring of the processes that generate floods with response times of a matter of hours, as is the case for Mediterranean ephemeral Ž streams. However-as is noted by many authors Pilgrim et al., 1988; Greenbaum et al., . 1998 -the analysis of the spatial variability of the hydrological behaviour requires the existence of a denser network of rainfall and stream discharge gauges in a single basin, in order to evaluate better the mechanisms that generate floods. 
